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Executive Summary

Three undetground nuclear tests were conducted on Amechitka Island, Alaska, in 1965, 1969, and
1971. The effects of the Long Shot, Milrow, and Cannikin tests on the environment were extensively

investigated during and following the detonations, and the area continues to be monitored today.

This report is intended to document the basis for the Amchitka Underground Nuclear Test Sites:
Long Shot, Milrow, and Cannikin (hereafter referred to as *Amchitka Site™) subsurface completion
recommendation of No Further Remedial Action Planmed with Long-Term Surveillance and

Maintenance, and define the long-term surveillance and maintenance strategy for the subsurface.

A number of factors were considered in evaluating and selecting this recommendation for the
Amchitka Sitc. Historical studies and monitoring data, ongoing monitoring data, the results of
groundwater modeling, and the results of an independent stakeholder-guided scientific investigation

were also considered in deciding the completion action.,

Water sampling during and following the testing showed no indication that radionuclides were
released to the near surface, or marine environment with the exception of tritium, krypton-85, and
iodine-131 found in the immediate vicinity of Long Shot surface ground zero. One year after Long
Shot, only tritium was detectable (Merritt and Fuller, 1977). These tritium levels, which were
routinely monitored and have continued to decline since the test, are above background levels but
well below the current safe drinking water standard. There are currently no feasible means to contain

or remove radionuclides in or around the test cavities beneath the sites.

Surface remediation was conducted in 2001. Eleven drilling mud pits associated with the Long Shot,
Milrow and Cannikin sites were remediated. Ten pits were remediated by stabilizing the
contaminants and constructing an impermeable cap over each pit. One pit was remediated by
removing all of the contaminated mud for consolidation in another pit. In addition to the mud pits,

the hot mix plant was also remediated.

Ongoing monitoring data does not indicate that radionuclides are currently seeping into the marine

environment. Additionally, the groundwater modeling results indicate no seepage is expected for tens




Arnchitha Subsurface CR
Exacutive Summary
Revigion: 1
Date: September 2006
Paga ES-2 of ES-2

to thousands of years. If seepage does occur in the future, however, the nich, diverse ecosystems

around the island ¢onld be at risk, as well as people cating foods from the area.

An independent science study was conducted by the Consortium for Risk Evaluation with
Stakeholder Participation (CRESP) in accordance with the Amchitka Independent Science Plan
{2003). The study report was published on August 1, 2005, The CRESP study states “our
geophysical and biological analyses did not find evidence of risk from radionuclides from the
consumption of marine foods, nor indication of any current radionuclide contarminated migration into
the marine environment from the Amchitka test shots.” The study also found evidence supporting the

groundwater modeling conclusions of very slow contaminant transport (CRESP, 2005).

While no further action is recommended for the subsurface of the Amchitka Site, long-term
stewardship of Amchitka Island will be instituted and will continue intto the future. This will include
institutional controls management and enforcement, post-completion monitoring, performance of
five-year reviews, public participation, and records management. Long-term stewardship will be the

responsibility of the U.S. Department of Energy Office of Legacy Management.

The Department of Energy is recommending completion of the investigation phase of the Amchitka
Sites. The recommended remedy for the Amchitka Site is No Further Action with Long-Term

Monitoring and Surveillance.

The future long-term stewardship actions will be governed by a Long-Term Surveillance and
Maintenance Plan. This Plan is currently being developed with imput from the State, landownet, and

other interested or affected stakeholders.
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1.0 Introduction

Because of the environmental liability created by past nuclear testing activities at Amchitka Island,
Alaska, the U.S. Department of Energy (DOE), National Nuciear Security Administration Nevada
Site Office (NNSA/NSO) must demonstrate due process and due diligence in its cleanup process.
Therefore, proper documentation of site cleanup, particularly its completion, is essential in
demonstrating and assuring sustained protection of human heaith and the environment. This report
presents the basis and justification for the completion of the subsurface component of the Amchitka
Underground Nuclear Test Sites: Long Shot, Milrow, and Cannikin (hereafter referred to as the
“Amchitka Site”).

The objectives of this report are to: 1) document the bases for the completion recommendation, and
2) define the long-term surveillance and maintenance strategy. Site monitoring, groundwater
modeling and assessment, and surface cleanup conducted since 1971 form the basis for the

completion recommendation.
This report consists of the following three major sections:

Scection 1.0 - Provides an introduction to the site including: a background of historical as well as
future use of the site; a description of the physical environment at Amchitka; historical site
investigation reports throughout 2004 with groundwater modeling; and the regulations applicable to

the site.

Scetion 2.0 - Describes the site completion justification including a discussion of current risk

assessments, independent science studies (conducted in 2004 and 2003), and modeling.

Section 3.0 - Provides the site completion recommendation and strategy describing institutional

controls, public participation, and long-term surveillance and maintenance.

1.1  Background

The following sections identify the location of Amchitka Island and present a high level summary of

the historic, current, and planned future use of the island.
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1.1.1 Location

Amchitka Island is located near the far west end of the Aleutian Islands, approximately
1,340 miles (mi) west-southwest of Anchorage, Alaska (Figures 1-1 and 1-2). The island is 42 mi
long and from 1 to 4 mi wide, with a total area of approximately 116 square miles (mz). It is bound

by the Bering Sea to the north and by the Pacific Ocean to the south.

1.1.2 Historic Uses

The Aleutian Islands were set aside from the public domain as a wildlife reserve by President Taft in
1913 to provide a breeding ground for native birds, the propagation of reindeer and fur-bearing
animals, and the encouragement and development of the fisheries. The establishment of the reserve
also specifically stated that it “shall not interfere with the use of the islands for lighthouse, military, or

naval purposes.” In 1940, the reserve was renamed the Aleutian Islands National Wildlife Refuge.

From World War I until the early 1990s, the island was used by multiple U.S. government agencies
for a variety of military and research activities. During the late 19605 and early 1970s, drilling was
performed in support of three deep subsurface nuclear tests conducted on Amchitka by the

U.S. Department of Defense (DoD) and the U.S. Atomic Energy Commission (AEC) (predccessor
agency to DOE).

There are numerous historic sites relating to the major occupations on the island, which include
World War {I U.S. Armed Forces, AEC/DOE nuclear testing pertod, and U.S. Navy Radar Station

Operations.

The World War II facilities were the subject of a U.S. Army Corps of Engineers cleanup effort in
1986. At that time, several buildings were left in place because of potential historic significance,
including the North and South Hangars, the Officer’s Club, and the Chapel. The U.S. Navy
subsequently demolished the North Hangar. The Chapel and the Officer’s Club are collapsed, or
nearly so, and no cleanup of these structures was attempted. The South Hangar, potentially eligible

for inclusion on the National Register of Historic Places, was removed.

The nuclear testing period buildings, dating from the mid to late 1960s, were demolished (including

some that were reused by the U.S. Navy during the radar station operations). They were not
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architecturally significant and were not eligible for inclusion on the National Register. The
landscapes of the three surface ground zeroes (SGZs) were eligible. During 1972 and 1973, site
reclamation ¢fforts, a number of testrelated wells were plugged and abandoned leaving only the
wells identified as part of the Long-Term Hydrologic Monitoring program. These wells, locations,
depths and abandonment method are identified in Table 1-2. The U.S. Navy demolished and removed
all DoD buildings on the island in the summer of 2001. Also in 2001, the DOE conducted a series of
surface mud pit closures and the final plugging and abandonment of the Long-Term Hydrologic
Monitoring Program wells. Of the 24 monitoring wells, 16 were plugged and abandoned, 2 were
protective covered, and 6 were either not found (under water) or the well structure and casing
deteriorated to the point that plugging the well was not needed or possible. Details associated with

each well are described in Table 1-2,
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Finally, the U.S. Navy’s buildings from the 1987 to 1993 period are not considered eligible for
inclusion on the National Register because the antenna systern did not become operational until after
1989, the defined end of the Cold War era.

Table 1-! presents historical activities on Amchitka Island.

Table 1-1
Amchitka Island Site History
{Page 1 of 2)

Date Action
1868 America purchased Russian America, which included the Aleutian Islands.
President Taft issued Executive Order 1733, setting the Aleutian [slands aside “... as 8
331013 pres_erve_ and breeding ground for_ rative bir::!s .. with the_ '_stipulation that “... this
designation would not interfere with use for lighthouses, military or naval purpases”
(Federal Ragister, 1913).
111943 Began construction of the forward air base on Amchitka.
81950 Amchitka abandoned by the U.S. Army,
1951 The U5, Departr_nent of Defense (Do) drilled 34 test holq_a-s for Project Windstorm,
however, the project was conducted at the Nevada Test Site.
19591961 White Alice communication system was operational.
4/1964 ;R:U.S. Atarrie Energy Commission (AEC) picked the preliminary Long Shot Project
5/5/1964 Long Shot test planning began.
5/16-12/4, 1964 Expicratory drilling for Long Shot was conducted.
2/3/1964 Rat island earthquake ccourred.
6271963 AEC and DoD signed a Memaorandumn of Agreement (MOA) for Long Shot.
10/29/1965 Long Shot test was conducted {80 kilotons at 2,297 feet [ft] below ground surface [bgs]).
1966 Department of Interior (DO1) granted permission for AEC to use Amchitka.
1966 Battalle Labs was contractad to conduct ecolodgical studies on Amchitka.
1967 Amchitka Bioenvironrmental Program was initiated.
1967 Holes for proposed testing were drilled at sites D, E, and F.
10/2/1969 Milrow test was conducted (about 1 megatan at 4,003 ft bgs).
6/12/1870 Draft Environmental Impact Staternent (EIS) for Gannikin test was issued.
61971 Final EIS was issued for the Cannikin test
1971 Site H was prepared for drilling, but no drifling took place.
11/6/M1971 Cannikin test was conducted (less than 5 megatons at 5,873 ft bgs).
21251972 Amchitka cleanup began,
5/19-21/1972 Holes related to Long Shot were plugged and abandoned.
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Table 1-1
Amchitka Island Site History
(Page 2 of 2)
Date Action
9/19-26M1972 All ramaining holes were plugged and abandoned.
1973 AEC demolished approximately 400 World War Il huildings.
91973 L.5. Fish and Wildlife Servicas (USFWS) signed off on compietion of 120 AEC disturbed
sites.
973 AEC returned Amgchitka Island to DOL
1974 Long Shot mud pits were left intact for mantoring purposes.
1974 Dacontarmination water from Cannikin test was injected into the chimney and
contarminated drilling tools were sealed in the re-entry hole.
1980 Alaska Maritime National Wildlife Refuge established 22 000 acres of Amchitka as a
wildernass aréa.
5/1986 U.5. Navy and USFWS signed an MOA for joint use of the island.
1993 U.S. Department of Energy (DOE) conducted sampling to evaluate potential chemical
impacts at disturbeqg sites,
1997 Ecological and sediment testing were conducted for radionuclide impacts,
1998 Further characterization of the mud pits was conducted.
6/2000 Enginesring field study was conducted to assess remediation of mud pits.
122000 USFWS issued EA and finding of no significant impact; report assigned remediation
responsibilities to DOE, .S, Navy, and LS. Army Corps of Engineers.
5/25/2001 Surface remadiation activities (including mud pit caps and underground storage tank
ramoval) began.
16 wells were plugged and abandoned, 6 could not be found, 2 wells (GZ-1, GZ-2) were
covered and locked, and 1 well (UAe-7e/h) was left open as a possibie future monitoring
s 2001 well. The GZ-1, GZ-2, and UAe-7e/h wells werg located during the 2006 Mud Pit Cap
Lmmer Inspection and the above status was vertfied. No other DOE wells exist on site and nona
are baing monitored. The UL.S. Navy demolished and removed all Dol buildings on the
island.
971072001 Surface ramediation work was completed.
10/13/2001 Fleld base camp was demobilized.
Evaluated groundwater flow and transport of radwnuclides and presented findings in
2002 Modeling Groundwater Flow and Transport of Radionuclides at Amchitka Island's
Underground Nuctear Tests, Milrow, Long Shot and Cannikin (NNSA/NY, 2002).
7/2003 Submitted Amchitka isiand Surface Closure Report (NNSA/NSO, 2003).
812006 First 5-year cap inspection was completed. No deterioration of mud pit caps was noted.

Report panding.
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Table 1-2
Well Abandonment Details
{Page 1 of 5)

Date Site Well Depth Activity

Concrete removed from 92-inch (in.} casing, Disconnected all 2-in. pipe fings, 80-in. wooden plug
o7z Site F UA-3 531t installed. Poured 2-foot (k) cemeant cap on top of the gravel in the rat and mouse holes ard mud Wough
with B cubic feet (f*) of slumy. Abandonmeni samplete.

Removed dirt from arcund the 13 3/8-n. outside diameter (0.0} casing and found cement 1 fibgs.
a7z LAE-3 7012t Released pressure on casing head, Cemented to pad level with 2 fi* of slumry on top of the 9 5/8-in.
0.D. casing. Abandonment complets.

Qg Site D LMAG 4 550} ft Cemented from top of 92-in. casing 1o pad level 144 in. diameler, Abandonment complete.

Wooden plug placed at ground level minus 10 ft. Cemented 10-ft plug inside 13 3/8-in. casing with

312 Site D UAE-EC 6,998 cemenl and sand slurry, Abandonment complets.

72 Sites EAF Gra-.re.t and sand in both sn_ies. rat ho!es, meuse holes, and swction rough pads. Poured cement on
both sites. Ma problems with cementing plug.

The 144-in. inside diameter {i.0.} conductor casing and rat hole were filled with sand and gravel to

¢72 UA-T 160 f 2 ft bgs. Cemented mud traugh and rat hele to pad level with 43 fi* of cement slurry. Abandenmenl
compfete.
Cul off the 9 5/8- and 13-3/B-in. O.D. casing to 1 ft bgs. Welded plate with hole marker on tlop of the
72 Site C UAE-1 7000/ 20-in, 0.D. casing. Filled from ground level to minus 2 # using 18- sand-cament slumy,
Ahandenmenl completa

Cut 10 3/4-in. 0.0, casing beneath the strongback and removed from top of the 8-in. LD. casing.
Concrete was remaved from around Lthe 92-in. casing to 1 ft bgs. Cut off 5-it section of 92-in. casing to
1 #tbgs. Removed concrete from around the 54-in.1.D. casing lo 1 fibgs. Cut off 54-in, LD. casing to
Q72 Sie G UA-1 6,150 ft + ftbgs. Removed from hole, cleaned oul stemming sand. Cut cables below top of 54-in. casing. Cut
off 10 3/4-in. O.D. casing lo 1 fibgs. Welded 1/2-in. plate to top of 92-in. LD. casing. Poured cementl
cap from ground level minus 1 fito pad level. Sand and cement slurry used - 81 A°. Poured 2-ft
cemenl cap on 24-in. rat hele. Abandonment complete.

Cut off plate on the © 5/8-in.0.D. casing. Installed wood bridge plug at 10 ft inside the wbing with hook
972 Site C Ua-1-Diy 6,008 fi ontop. Backfiiled with cement fram 2 ft bgs to ground level with cement and sand plug using 18 fi! of
sand-cement slumy. Abandonment complete.
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Table 1-2
Well Abandonment Details
{Page 2 of b)
Date Site Well Depth Activity
972 Site G UA1-GH-1 101 1t Backfilled with cement and sand slerry from greund leved minus 1 in. using 8 fi*. Abandonment
complete.
972 Site B UA2-1-2 370 Removed cement from 13 3/8-in. casing to 1 ft bgs. Welded steel plate with 4-in. by 5-fi marker ko
¢ e 13 3/8-in, casing. Cemented to surface with 5 i of sand-cement slurry. Abandonment complate.
Walded 1/2-in. plate over casing; placed rebar over plate. Chipped cemeanl from pad fevel to minus 2 f
872 Site B UA-2 4030 ft Cut off 13 3/8-in. casing at 2 i bgs. Welded plale with 4-in. by 5-ft marker an 13 3/84n. pipe.
' Cemented to ground level with 3 i* of skurry. Poured cement and sand plug from top of 36-in, casing to
pad level {130 H); 90 I* of slurry used on the top plug, Abandonment complete,
Long Shot . . .
972 Emolacement Cleaned up surface pad at Ground Zero. Removed cement from around 74-in. casing, Cut off casing
pHme t ft bgs. Removed cemenl from 74- to 84-in. casing 1 ft bgs. Abandanment complete.
. ] . . 1
a2 Site © UA-1-GH-2 1008 Backfiled with cement and sand slurry from ground level minos 1 ftusing 8 B° of slurry. Abandoenment
complete.
. Smal § 5/8-i {Hole used at RTP Pad for generator) From ground fevel lo minus 3 fi with slumy. Abandanmenl
372 Site C
Haole complete.
&F2 Site C Compietely abandoned.
972 Site B UA2-1-1 5.500 I Paoured cemenl plug from top marker plate. Welded 13 3/8-in. casing at ground fevel. 5 & of slurry
used. Abandonmenlt complete.
Long Shot Cul off 54-in. casing 1 ft bgs. Removed all cemenl from 54 1o 36 in. Cul off 36-In. casing 1 £ bgs.
w¥2 Gruuﬁ d Zero Welded 1/2-in_ plate cver alt casing to 74-in. casing. Placed 5 pieces of 1 1/2-in. rebar extending over
74-in. plate covered with 2 ft cement. Abandonmeant compilete.
The name plate for this hole was welded to a 4-fi drill pipe marker at the side of Infantry Road. This
72 Long Shot GZ EH-1 1,606 # location was in the middie of the road, and the casing was plugged with cement previcusly and cul off
below the kevel of the road. Abandonmenl completa.
- . . . 3
72 Lang Shat GZ EH-2 519 Welded 4 in. by 5-ft marker plate and welded plate to 8 5/8 in. casing. Plugged with 20 ft* of cement,
Abandonment camplete.
a2 Long Shot GZ EH-3 28011 Excavated around 13 3f8-in, casing to 1 fi bys, plugged with & I® of cement. Abandonment complete,
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Table 1-2
Well Abandonment Details
{Page 3 of 5)
Date Site Well Depth Activity
; ; i ; ; 3
72 Long Shot GZ EH-4 1148 1t Drained water from around location. Excavated around 13 3/8-in. casing, plugged with 4 ft* of cemenL
Abardonment complete.
Cut casing off 1 i bgs, also cut cables 1 ft bgs. Welded 1/2-in. plate with 4-in. by 5 fi-type marker to
w72 Long Shot GZ ER-S 2807 R 13 3B-in. casing, plugged with 20 #* of cement Abandonment complete.
. . . . . 1
9773 Long Shot GZ EHS Unknown Drained water fram around location. Excavated around 13 3/8-in. casing, plugged with 4 f* of cement,
Abandonmenl complete.
97z Leng Shol 0ft Long Shol GZ - plugged with 81 fi* of cement. Abandonment complate.
i 10+l cement plug; 0.857 ft* cement in hole. Wekded 14 in. by 1/2 in. to each 13 ¥&-in. casing.
573 Long Shol GH-¢ 124 ft Cemented 1o 1 it bgs. Abandonment complete.
573 Long Shot OH-8 $24 10-A cement plug; 0857 f* cemenl in hole. Welded 14 by 142 in. to each 13 3/8-in. casing. Cemented
to 1 ft bgs. Abandonmenl complele,
573 Long Shot OH-7 123 ft 10-f cement plug; 0.857 A° cemenlin hole. Welded 14 by 1/2in. lo each 13 3/8-in. casing. Cemented
to 1 ft bgs. Abandonmen! complele.
573 Lang Shot OH-6 1201 10-ft cement plug, 0857 i* cementin hole. Welded 4 by 1/2 in_ lo each 13 3/5-in. casing. Cemented
to 1 A bgs. Abandonment complete.
i 10-it cement plug; 0.857 A cement in hole. Welded 14 in. by 1/2 in. to each 13 3/B-in. casing.
SIT3 Long Shot OH-5 1241 Cemented te 1 ft bgs. Abandanmenl complete,
10-ft cement plug; 0.857 A* cement in hole. Weided 14 in. by 1/2 in. lo each 13 3/B-in. casing.
53 Long Shat OH-4 st Cemented to 1 ft bgs. Abandanmenl complele.
I 10-ft cement plug; 0.857 i cement in hole. Welded 14 in. by 112 in. lo each 13 3/B-in. casing.
373 Lang Shot OH-3 1241 Cemented to 1 ft bgs. Abandonment completke,
573 Long Shot UDH-8 123 10-ft cement plug; 0.857 fi'cement in hole, Welded 14 ftby 142 in, to each 13 3/8 in. casing. Cemented
ko 1 ftbgs. Abandanment complete.
10-ft cement plug; 0.857 # cemeant in hale. Welded 14 in. by 1/2 in. to each 13 A/8-in. casing.
S73 Long Shat UDH-2 s25 Cemented to 1 ft bgs. Abandonment complate,
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Table 1-2
Well Abandonment Details
{(Page 4 of 5)
Date Site Well Depth Activity
Eff. Eval. 3.5 ® cement in ER. Eval. Hole #1. Welded 14 in. by 1/2 in. 1o each 13 3/8-in. casing. Cementad to
373 Long Shot Haole #1 700 R 1 ft bgs. Abandonmeni complete,
. ] Shallow well pulled out of ground; hole filled wf sodium bentonile chips; remaining casing in geaund
70 Milrow w2 Lo filled wf bentonite chips. Abandonment complste.
. ¥ Shallow weli pulled out of ground; hole Rled w sodium bentanite chips, remaining casing in ground
i1 Milrow W3 37R filled wf bentonite chips. Abandenment complete.
! Shalow wel pulled oul of ground; hole Rlied wi sodium bentonite chips; remaining casing in ground
7o Milrow Vi <10f filled wf bentonite chips. Abandonment complete.
. . Shallow well pulled oul of ground; hale filled w! sodium bentenite chips; remaining casing in grourd
o Mitrow WeS 308 | flled w/ bantonite chips. Abandonment complete.,
. . Shallow well pulled out of greund; hole fitled w! sodium bentonite chips; remaining casing in ground
70 Mitrow Wb 35# filled wf bentonite chips. Abandonment complete.
. z Shallow walk pulled out of ground; hole filked wi sodium bentenite chips; remaining casing in ground
i Milrow w7 24t flled wi bentanite chips, Abandanment complele,
. Shaliow well pulted aut of greund; hole filled w! sodium bentenite chips; remaining casing in ground
I A
e Mitrow W 11 Rlled wf bentanite chips. Abandonmenl complele.
. ] Shallow well (<10 i) pulled gul of ground; hole filled wf sodium bentonile chips; remaining casing in
ot Milrow w8 <10t ground filled w! bentorite chips. Abandonment complete.
I Milrow w10 67 h ol found under water.
- Shallow well (<10 #) pulled out of greund; hole filled wf sodium bentonite chips. remaining casing in
ot Milraw Vet 18R ground Alled w! bentonite chips. Abandonmenl complels,
! 3 Shallow well (<10 ) pulled out of ground; hote filled w! sedivm bentanite chips; remaining casing in
7o Milrow w2z <ieft ground filled w/ bentonite chips. Abandonment complete.
N Milrow W-13 341t Mot found under water,
: Shallaw well (<1 ft} pulled out of ground; hole filled w! sedium bentonite chips; remaining casing in
o Milrow w4 <ioft ground filled wf bentonite chips. Abandonment complate.
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Table 1-2
Well Abandonment Details
{Page 5 of 5}
Date Site Well Cepth Activity
T Milron W5 7R ot found under water
. Shallow well {<18 ft} pulled out of ground; hole filled wi sediurn bentonite chips; remaining casing in
701 Milrow w16 <10f ground filled we bentonite chips, Abandonment complete,
; 3 Shatlow well (<10 A pulled oul of ground; hole filled wf sodium bentonite chips; remaining casing in
o Milrow w7 <tod ground filled w! bentonite chips. Abandonmant complete. "
Fiol Milrow W18 166 Mol found under water
i Shalow wall (<30 ft] pulled out of ground; hole filed wi sodivm bentonite chips; remaining casing in
o Milrow w19 son grourd filled w/ bentonile chips. Abandonment complete.
Filrt Long Shot W1 B2a Removed PV well casing and fill with bentonite. Abandonment cemplete.
Efi] Long Shot -2 el Remaved PWC well casing and fill with bentanite. Abandonment complete.
m Lang Shot GZ-1 100 K Protective cover and lock
il Long Shot G732 504 FProleclive cover and lack
K1 Leng Shol EPA-1 283 # Well casing was deteriorated beyond plugging

FIH Cannikin HTH-3 152 ft Weill casing was deteriorated beyond plugging
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Three underground nuclear tests were conducted on Amchitka Island i 1963, 1969, and 1971. These
tests were respectively designated Long Shot, Milrow, and Cannikin. Long Shot was detonated at a
depth of 2,297 feet (ft) and had an 80-kiloton yield (DOE, 1988). Tt was detonated shortly after a
nearby 8.7 magnitude earthquake as part of the Vela Uniform project to determine whether
monitoring techniques could differentiate between natural seismmeity and nuclear explosions. After a
screening process conducted subsequent to Long Shot, Amchitka Island was selected as one of the
Supplemental Test Sites (the other was in Central Nevada) for testing higher yield underground
nuclear explosives that could not be tested at the Nevada Test Site (NTS) due to the impact of ground
motion on high-rise buildings in Las Vegas. Milrow was a seismic calibration test detonated at a
depth of 4,003 ft, with about a 1 megaton yield. Cannikin was detonated at a depth of 5,873 fi, with a
yicld of less than 5 megatons. In addition to these three tests, drilling was performed at three other
sites (D, E, and F) where nuclear testing was considered but not performed. The locations of all six

sites are indicated on Figure 1-2.

The tests, conducted at depths ranging from 2,300 to 5,875 ft below ground surface (bgs), created a
subsurface cavity around the center of each detonation and a chimney of fragmented and collapsed
rock above. The cavities and chimmeys contain radioactive by-products of the nuclear detonations,
some of which were trapped in fused rock created when rock melted by the detonations cooled and

hardened.

1.1.3 Current and Future Use

Amchitka is part of the Aleutian Islands Unit of the Alaska Maritime National Wildlife Refuge
(AMNWR), which 1s administered by the U.S. Fish and Wildlife Service (USFWS). The island will
remain under the jurisdiction of the USFWS for the foreseeable future and is currently uninhabited.
The island, which is accessible by air and ship, is not currently used for commercial or active military
purposes. Fishermen and other mariners infrequently visit the island for recreational purposes. The
Alaska Volcano Observatory recently installed an automated communications station on Amchitka to
relay data from seismic monitoring equipment located on several neighboring islands. The Corps of
Engineers is planuing for site visits within the next 5 years to locate and remove unexploded
ordnance. Foreseeable future land uses include limited on-site activities by USFWS and research

partners in support of the refuge’s wildlife conservation and wilderness purposes. Limited visits by
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recreational and subsistence users are anticipated to continue. The original establishing order that
provided for military purposes will remain in effect. The DoD retains the right to use the island, if

determined necessary, for national defense purposes.

1.2  Physical Environment

The island’s coastline is very rugged with sea cliffs, isolated sandy and gravel beaches, and grassy
slopes. The lowest elevations are on the eastern third of the island and are characterized by isolated,
shallow ponds and heavily vegetated dramnages. The central portion of the 1sland has higher
elevations, is more prone to wind erosion, and has fewer lakes. The westernmost three miles of the
island are barren. The area contains a windswept rocky plateau with sparse vegetation, except for
those areas (e.g., stream drainages) protected from the wind. The average surface elevation at the
western end of the island is approximately 800 ft. The highest elevation on the island is

approximately 1,600 ft.

1.2.1 Climate

Amchitka Island is characterized by a pronounced maritime climate, including frequent storms,
strong winds, and often-cloudy skies. There is no prevailing wind direction, although during the
summer months the winds are generally out of the southwest, The mean wind speed between
December and February is 30 miles per hour (mph); between March and May it is 26 mph; between
June and August it is 22 mph; and between September and November it is 27 mph. The
maximum-recorded wind velocity on Amchitka is 115 mph. The ocean moderates temperatures,
which average 31 degrees Fahrenheit (°F) in winter (January) and 48°F in summer (August). Annual

precipitation is about 33 inches (in.), including approximately 71 in. of snow,

1.2.2 Geology

Amchitka Island apparently formed in carly Tertiary time (roughly 50 million years ago) as a resuit of
tectonic uplift and deposition of volcanic flow and marine sediments collectively known as the
Amchitka Formation. Amchiika is located in the Aleutian are, a 3500-km long chain of volcanoes
produced by subduction (one plate is thrust beneath another) of the Pacific plate beneath the North
American plate. The Pacific plate thrusts underneath the North American plate at a rate that varies

from 6-8 centimeters per year (cm/year), with the rate increasing to the west, and the direction of
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plate convergence becoming more oblique to the Aleutian trench in the west. Tectonic activity can
impact subsurface fluid flow directly through slip on local faults, or indirectly through strong shaking

or changes in the stress field resulting from strong earthquakes nearby,

A combination of geological evidence, submarine mapping, and new site velocities measured with
the Global Positioning System (GPS) suggests that Amchitka Pass, immediately to the east of
Amchitka island, is a site of concentrated extension, and that west of Amchitka Pass there are major
strike-slip fautts located within or north of the arc (Freymueller et al.. 2002). The GPS data show that
the most reasonable model would have fault slip rates on the order of 2 cm/year on extensional faults
within Amchitka Pass and strike-slip faults to the north of Amchitka. For comparison, this rate is
about 1/2 to 2/3 as fast as the San Andreas Fault system in California, and one to two orders of
magnitude more rapid than the slip rates on faults within or near the Nevada Test Site or the proposed

Yucca Mountain storage facility.

Most of the island contains only a thin, discontinuous veneer of unconsolidated sediments overlying
the volcanic bedrock. Over most of the tsland, organic soils, including peat, overlie the
unconsolidated sediments. The principal organic soil on the island blankets much of the poorly
drained areas, marine terraces and other topographically low areas, and contains constituent plant
materials that have decomposed and often contain horizons of peat. In the most topographically
depressed and wettest parts of the island, the soils are typically peaty, with a thick mat of vegetation
and little organic decomposition. In the drier and topographically higher areas, the soils are folists
(well-drained organic soil). Limited areas of poorly developed sandy soils exist in dune areas in a

narrow strip along the Bering Sea coastal bluifs.

1.2.3 Hydrology

Amchitka Island 1s covered with hundreds of small, shallow ponds up to 330 ft wide and up to 10 ft
deep. The smaller ponds are considerably shallower, typically ranging from 12 to 20 in. deep. Ponds
are most numerous on the eastern two-thirds of the island (approximately 26 ponds per mi®), where
they have developed above marine terraces and are confined by thick vegetation peat. Many lakes in
this region lack a definite inlet or outlet. Fewer ponds are present on the western third of the island,

where they typically occupy bedrock depressions. Larger pond sediments arc cither floc (suspension
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of low-density detrital organic material) over gravel, organic silts over gravel, or clean gravel. The

bottoms of smaller ponds are usually composed of peat or fine sediment covered with floc.

Watersheds on Amchitka Island are generally limited to 1 to 3 mi in length because all streams drain
perpendicular to the fong axis of the island into either the Bering Sea or the Pacific Ocean. Streams

on the eastern part of the island flow slowly through tundra-covered watersheds, range from 3 to 10 ft
wide, are up to 12 in. deep, and are characterized by low gradients and flow velocities. Streams in the
central and western regions range from 6 to 13 fi wide and are up to 14 in. deep. Most of the streams
in the island flow year-round. During relatively dry periods, stream flows are sustained by baseflow
from soils and the underlying weathered bedrock; surface runoff and baseflow contribute to flows

during wet periods.

The hydrogeology beneath the surface of Amchitka Island is governed by the dynamics of the
saltwater intrusion typical of islands, The groundwater system consists of a freshwater lens floating
on seawater. To sustain this lens, there must be active groundwater circulation. Rainfall that
infiltrates is fresher, and less dense, than the underlying seawater. Continued recharge results in the
buildup of a lens of fresh water floating above the seawater, and the flow of freshwater from the
center of the island outward to the ocean. Groundwater flow is generally characterized by recharge
along a shallow water table, downward flow in the interior of the 1sland, and upward flow
approaching the coast, with freshwater discharge in seeps along the sea floor. The nearly saturated
subsurface conditions, combined with low hydraulic conductivity and high rainfall, leads to
sigmificant runoff and the development of shallow groundwater zones that rapidly discharge water in

springs and seeps rather than allowing deep infiltration.

Data collected from shallow and deep boreholes on the island are consistent with this conceptual
model of flow. Seven wells with depths of hundreds to over a thousand meters below land surface
were drilled and tested in the 1960s and 1970s, as well as numerous shallow wells. These wells
encountered fresh water at shallow depths and increasing salinity at greater depth (Beetem et al.,
1971; U.S. Army Corps of Engineers and USGS, 1965). Static water levels declined in the wells with
increasing depth below land surface (Ballance, 1970a.b, 1972a.b, and 197